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ARQ531 TARGETS MAPK-S6K1 SIGNALING AND SYNERGIZES WITH
LENALIDOMIDE IN RAS-MUTANT AND WILD-TYPE MULTIPLE MYELOMA

D. Soncini'?, P. Becherini D.?, E. Gelli’, M. Chen®, A. Carreira’, Provenzani A.’, F. Ladisa’, M. Squillario’, I.
Traverso’, G. Giorgetti', M. Garibotto', F. Guolo'?, M. Piana', R.M. Lemoli'?, M. Cea'?

'IRCCS Ospedale Policlinico San Martino; *Clinic of Hematology, Department of Internal Medicine and Medical Specialties DiMI, University of Genoa;
Genetics and Epigenetics of Behavior Laboratory, Fondazione Istituto Italiano di Tecnologia IIT; *“Harvard University; *University of Trento, Depart-

ment of Cellular, Computational and Integrative Biology CIBIO.

Introduction: Multiple myeloma (MM) is a plasma cell ma-
lignancy driven by dysregulated kinase signaling, including
aberrant MAPK activation frequently associated with onco-
genic RAS mutations. ARQ531 is an orally available multi-ki-
nase inhibitor that we previously characterized in leukemia,
where it demonstrated potent anti-tumor activity through
broad kinase inhibition and MYC transcriptional reprogram-
ming. To elucidate its mechanism of action in MM, we inte-
grated phosphoproteomic and functional analyses to delin-
eate signaling vulnerabilities modulated by ARQ531 and eval-
uated its therapeutic potential in combination with standard
anti-MM agents.

Methods: Global and phospho-TMT quantitative proteomics
were performed on ARQ531-treated MM cells to identify
drug-modulated signaling pathways. Kinase-Substrate En-
richment Analysis (KSEA) defined key regulatory nodes of
drug response. Functional and combination studies were con-
ducted in MM cell lines, including RAS-mutant models, pa-
tient-derived plasma cells, and murine xenografts. Bioinfor-
matic analyses of public MM datasets corroborated experi-
mental findings.

Results: Phosphoproteomic profiling revealed that ARQ531

profoundly remodels the MM kinome, strongly inhibiting
MAPK signaling and the S6K1 axis, identified by KSEA as a
critical functional hubs mediating drug efficacy. MM cells
with acquired tolerance to ARQ531 maintained activation of
these cascades, confirming their mechanistic relevance.
RAS-mutant MM models—both cell lines and patient-derived
plasma cells—displayed enhanced sensitivity to ARQ531, and
analysis of the CoMMpass dataset revealed that RAS-mutant
patients with an ARQ531-treated-like transcriptional signa-
ture exhibited improved progression-free and overall survi-
val. Notably, since the RAS-S6K1 axis is implicated in lenali-
domide resistance, ARQ531, by co-targeting both pathways,
exhibited strong synergy with lenalidomide, enhancing cyto-
toxicity in vitro, ex vivo, and in vivo. Importantly, this cooper-
ative effect was also observed in RAS-wild-type models, indi-
cating broader therapeutic applicability.

Conclusions: Integrative phosphoproteomic and functional
analyses identify the MAPK-S6K1 axis as a key signaling vuln-
erability targeted by ARQ531 in MM across both RAS-wild-
-type and RAS-mutant contexts. The strong synergy with le-
nalidomide supports the development of ARQ531-based com-
bination strategies to exploit kinase signaling dependencies
and overcome therapeutic resistance in multiple myeloma.
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